Introduction
============

Synovitis, acne, pustulosis, hyperostosis, and osteitis (SAPHO) syndrome is a disorder characterized by pustular skin lesions and osteoarticular lesions proposed in 1987 by Chamot et al.[@b1-jir-5-029] Hyperostosis refers to excessive osteogenesis, which is visualized radiographically as osteosclerosis. Typical skin lesions include palmoplantar pustulosis and severe acne (such as acne conglobata and acne fulminans), or hidradenitis suppurativa.[@b1-jir-5-029]--[@b4-jir-5-029] A number of associations between skin conditions and osteoarticular disorders have been reported under a variety of names, including chronic recurrent multifocal osteomyelitis, sternocostoclavicular hyperostosis, pustulotic arthroosteitis, and acne-associated spondyloarthropathy.[@b2-jir-5-029],[@b3-jir-5-029],[@b5-jir-5-029]

The SAPHO acronym was proposed to group these various disorders.[@b1-jir-5-029],[@b6-jir-5-029] SAPHO syndrome is not an independent ailment, but a combination of symptoms,[@b7-jir-5-029] as sometimes individual osteoarticular and skin manifestations appear asynchronously.[@b8-jir-5-029],[@b9-jir-5-029] Some studies have indicated recurrent osteomyelitis of the mandible in almost 10% of patients with SAPHO syndrome.[@b1-jir-5-029],[@b6-jir-5-029],[@b10-jir-5-029] We report here a case of diffuse sclerosing osteomyelitis of the mandible in which SAPHO syndrome was suspected, and we discuss clinicopathological characteristics of the disease based on a review of the literature.

Case
====

A 68-year-old woman was admitted to our clinic in August 2010 with a 14-month history of pain in the left side of the mandible. One month after treatment of a chronic apical lesion of the mandibular left canine in October 2007, she developed pain in the left side of the mandible. Mandibular osteomyelitis was diagnosed by radiographic and laboratory findings at another hospital in May 2008. She had a history of anemia from 6 to 40 years of age. When she was 66 years old, psoriasis developed on her dorsal, palmar, and plantar skin.

There was no trismus or paresthesia of the left side of the lower lip and chin on her first visit to our clinic. Oral examination showed tooth loss from the left first premolar to the left third molar and no evidence of either mucosal or bone lesions. Panoramic radiography showed osteosclerosis from the left premolar to the mandibular ramus region ([Figure 1](#f1-jir-5-029){ref-type="fig"}). Computed tomography of the head and neck showed enlarged canals of the left mandible and increased density of cancellous bone, which seemed to be reactive bone remodeling ([Figure 2](#f2-jir-5-029){ref-type="fig"}). On magnetic resonance imaging, jaw lesions showed low signal intensity on T~1~-weighted images and heterogeneous intermediate-to-high signal intensity on fat-suppressed T~2~-weighted images ([Figure 3](#f3-jir-5-029){ref-type="fig"}). Bone scintigram (^99m^Tc-labeled methylene diphosphonate) showed extremely intense tracer uptake in the left mandible, the sternum, and the sternocostal and sternoclavicular joints ([Figure 4](#f4-jir-5-029){ref-type="fig"}). Mandibular osteomyelitis was diagnosed at the first visit. Because pain had resolved, we followed up for 4 months. She reexperienced pain and trismus. We administrated oral loxoprofen (60 mg daily) for 1 month, and the pain resolved. However, radiographic examination showed development of inflammation in the soft tissue around the left mandibular condyle and resorption of condylar bone ([Figure 5](#f5-jir-5-029){ref-type="fig"}). We empirically started clarithromycin (400 mg daily) and levofloxacin (500 mg daily). Six months later, scintigraphic examination showed almost the same level and range of uptake in the left mandible, and stronger and wider uptake in the sternum and the sternocostal sternoclavicular joints, compared with the findings obtained 1 year earlier ([Figure 6](#f6-jir-5-029){ref-type="fig"}). Laboratory data were in the normal range, except for platelets (323,000; normal range: 128,000--280,000/μL), C-reactive protein (1.26 mg/dL; normal range: \<0.30 mg/dL), C3 (321 mg/dL; normal: 86--160 mg/dL), C4 (60.3 mg/dL; normal range: 17--45 mg/dL), and alkaline phosphatase (386 U/L; normal range: 104--338 U/L). She was negative for rheumatoid factor. A presumptive diagnosis of SAPHO was made. After consultation with her physician, we prescribed oral risedronate hydrate (2.5 mg daily). The patient showed no mandibular symptoms 12 months after starting conservative therapy.

Discussion
==========

Etiology and pathogenesis
-------------------------

The prevalence of SAPHO syndrome has been estimated to be probably no greater than one in 10,000 in Caucasians[@b11-jir-5-029] and to be 0.00144 in 100,000 in Japanese.[@b12-jir-5-029] Hayem et al[@b6-jir-5-029] reviewed 120 cases of SAPHO syndrome. They described female predominance with patients younger than 30 years at onset, anterior chest wall as the most commonly affected bone-lesion site, peripheral arthritis in one-third of patients, and pustular dermatitis as a frequent complication. Yabe et al[@b13-jir-5-029] reported that most of the Japanese patients exhibited onset in middle age. In addition, differences between Caucasians and Japanese may be an influential factor.

The most common target site for bone lesions in adults is the anterior chest wall, in particular the clavicles, sternum, and sternoclavicular joints (70%--90% of patients), followed by the sacroiliac region (40% of patients), the spine (33% of patients), the mandible (almost 10% of patients), and the pubic symphysis (7% of patients).[@b6-jir-5-029],[@b8-jir-5-029],[@b11-jir-5-029],[@b14-jir-5-029]

Adequate data on the prevalence of this syndrome are unavailable because of diverse clinical manifestations and lack of validated classification or diagnostic criteria. Preliminary criteria need improvement and further validation.[@b15-jir-5-029]

It is presumed that the osteitis and skin lesions seen in SAPHO syndrome are the results of sustained but low-grade infection with anerobic microorganisms such as *Propionibacterium acnes* odontogenic focal infection,[@b16-jir-5-029] which persist in the osteitis lesions in a form that is incompatible with culturing, but triggers a nonspecific activation/ dysfunction of innate and T-cell-mediated immune responses in genetically predisposed individuals.[@b14-jir-5-029]

It has been suggested that SAPHO syndrome represents hyperstimulation of the innate immune response in these disorders, as reflected by increased production of interleukin-8 and tumor necrosis factor-α.[@b16-jir-5-029] It has also been suggested that a possible genetic abnormality with a pathogenic role might be characterized by impaired production of an internal oxidant, with subsequent exaggerated inflammatory response causing SAPHO syndrome.[@b17-jir-5-029] However, this hypothesis is largely unproven.[@b14-jir-5-029] One report that suggested a chronic apical lesion on a mandibular first molar might be associated with the occurrence of SAPHO syndrome.[@b18-jir-5-029] In this case, the patient had experienced a chronic apical lesion of the mandibular left canine before diagnosis of mandibular osteomyelitis. Dental foci could serve as the origin of the mandibular osteomyelitis and osteitis of the sternum and sternocostal and sternoclavicular joints.

Diagnosis of SAPHO syndrome
---------------------------

The distinct clinical features of SAPHO syndrome are skin and osteoarticular manifestations. The skin manifestations may precede or follow the bone lesions, usually by years but in some cases more than a decade.[@b3-jir-5-029],[@b4-jir-5-029],[@b19-jir-5-029] Diagnosis of SAPHO can be difficult in the absence of skin lesions or involvement with only one symptomatic bone site.[@b20-jir-5-029]

When SAPHO syndrome is suspected or diagnosed, the patient should undergo systemic whole-body technetium scintigraphy to exclude other asymptomatic lesions. In this case, we could not have found the asymptomatic osteitis of the sternum and sternocostal and sternoclavicular joints before bone scintigram.

Suei et al[@b9-jir-5-029] suggest that the original site of osteomyelitis in SAPHO syndrome is not bone but periosteum. Proinflammatory cytokines such as interleukin-8 and tumor necrosis factor-α are produced in the inflamed periosteum and stimulate osteoblasts and osteoclasts by promoting periosteal bone formation in addition to cortical bone resorption. They suggest that radiographic findings vary in osteomyelitis associated with SAPHO syndrome.[@b9-jir-5-029] Mixed patterns with initial osteolyses and diffuse sclerosis, bone enlargement with extensive cortical bone resorption, and solid periosteal reaction have been reported frequently in osteomyelitis of SAPHO syndrome.[@b9-jir-5-029],[@b21-jir-5-029] Our case constituted diffuse cortical bone resorption of the left condyle of the mandible and reactive sclerosis of the subcondylar bone. Routine blood tests reveal elevated acute phase reactants, such as C-reactive protein, erythrocyte sedimentation rate, and elevated levels of complements C3 and C4, as seen in our case.[@b14-jir-5-029] Zhao et al[@b22-jir-5-029] reported that a moderately increased leukocyte count, mild anemia and an elevated erythrocyte sedimentation, and elevated level of immunoglobulin A were observed.

Treatment
---------

The treatment of SAPHO syndrome is empirical and based on anecdotal experiences or small control studies.[@b23-jir-5-029] There are currently no guidelines, so the treatment for SAPHO syndrome has focused mainly only on symptoms and complaints, such as bone pain and tenderness.[@b24-jir-5-029] Conservative treatment, such as with drugs and/or hyperbaric oxygen, is recommended as a first-line therapy.

Drugs
-----

Based on the assumption that *P. acnes* is involved in the pathogenesis of SAPHO syndrome, antibiotic therapy and NSAIDs have been used to treat SAPHO syndrome, with varying success.[@b15-jir-5-029] It has also been reported that clindamycin and tetracycline were effective.[@b7-jir-5-029],[@b25-jir-5-029],[@b26-jir-5-029] According to some recent reports, macrolides or new quinolones effectively inhibit the production of various inflammatory cytokines, such as interleukin-1, -6, -8, and tumor necrosis factor-α.[@b27-jir-5-029],[@b28-jir-5-029] For a drug combination, Schilling[@b29-jir-5-029] recommended azithromycin, which has both anti-inflammatory and immunomodulating activity, and calcitonin, which is a hormonal osteotropic drug. However, we could not detect previous reports of effectiveness of combination of macrolides and new quinolones, as we used in this case. The effectiveness of our combined regimens should be further studied. Some studies have reported the effectiveness of corticosteroids or bisphosphonates for SAPHO syndrome.[@b29-jir-5-029],[@b30-jir-5-029] Because these drugs have systemic pharmacological functions and serious side effects, oral surgeons should consult closely with other physicians in the use of these medications.[@b30-jir-5-029] The decision of when to stop administration of drugs seems to depend on each patient's degree of improvement of clinical symptoms, such as pain, range of trismus, and radiographic findings. In the absence of additional osteolytic change in bone lesions, along with the resolution of symptoms, treatment may be presumed effective for chronic mandibular diffuse sclerosing osteomyelitis, even if osteosclerosis remains unchanged.[@b27-jir-5-029]

Surgery
-------

The recurrence rate after decortication treatment or partial resection of the affected bone is reported to be high.[@b30-jir-5-029]--[@b32-jir-5-029] Roldán et al[@b26-jir-5-029] reported a case of SAPHO syndrome with ineffective decortications; therefore, surgical intervention is not recommended.[@b33-jir-5-029] Wide resection of the affected mandibular bone and immediate reconstruction using microvascular flaps seems to be recommended only if a patient experiences deformity, loss of function, increasing pain, and failure of conservative treatments.[@b10-jir-5-029] The bone donor site for mandibular reconstruction in a SAPHO patient could also be affected by osteomyelitis. Long bones are affected by SAPHO syndrome in 30% of cases,[@b1-jir-5-029] mostly involving the femur and the tibia.[@b34-jir-5-029] In 10% of cases, the ilium is affected. Involvement of the donor site should be excluded by ^99m^Tc-labeled methylene diphosphonate scintigraphy and strictly followed up according to future involvement of the transplanted bone.

Prognosis
---------

SAPHO syndrome is chronic, with frequent remissions and exacerbations. It has been reported that cases of chronic mandibular diffuse sclerosing osteomyelitis that have extended to the ascending ramus of the mandible tend to take longer for resolution of symptoms[@b27-jir-5-029] and have a higher rate of recurrence.[@b35-jir-5-029] In our case, although there has been no pain or swelling in the area of the left mandibular lesion, we have followed up to prevent lesions from developing other skin or osteoarticular manifestations.

SAPHO syndrome may be occasionally confused with malignancy or infection, and some patients may undergo unnecessary invasive procedures.[@b20-jir-5-029],[@b36-jir-5-029] A high index of clinical suspicion of SAPHO syndrome is necessary for accurate diagnosis.[@b20-jir-5-029] Oral surgeons must consult with physicians in such specialties as dermatology, orthopedics, and internal medicine when SAPHO syndrome is suspected.

Conclusion
==========

Although this report is based on a single case, it provides information on one of the treatments -- specifically, the combination of macrolides or new quinolones and bisphosphonates -- for intractable chronic mandibular osteomyelitis that was suspected to be SAPHO syndrome.
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![Panoramic radiograph at first visit, showing a ground-glass appearance (yellow arrows) from the left premolar to the mandibular ramus region and enlarged canals of the left mandible (red arrow).](jir-5-029f1){#f1-jir-5-029}

![Plain computed tomography at first visit revealed increased density of cancellous bone.](jir-5-029f2){#f2-jir-5-029}

![Magnetic resonance imaging at first visit.\
**Note:** The left side of the ascending ramus of the mandible shows heterogeneous intermediate-to-high signal intensity on fat-suppressed T~2~-weighted images.](jir-5-029f3){#f3-jir-5-029}

![Bone scintigram (^99m^Tc-labeled methylene diphosphonate) at first visit, showing extremely intense tracer uptake in the left side of the mandible, the sternum, and the sternocostal and sternoclavicular joints.](jir-5-029f4){#f4-jir-5-029}

![CT and MRI at 4-month follow-up after the first visit: (**A**) plain CT showing diffuse cortical bone resorption of the left condyle of the mandible; (**B**) MRI, with the left condyle of the mandible in part showing low-high signal intensity on a T~1~-weighted image; (**C**) MRI, with soft tissue around the left side of the ascending ramus of the mandible showing heterogeneous high-signal intensity on a fat-suppressed T~2~-weighted image.\
**Abbreviations:** CT, computed tomography; MRI, magnetic resonance imaging.](jir-5-029f5){#f5-jir-5-029}

![Bone scintigram 6 months after administration of antibiotics.\
**Note:** Radioisotope uptake in the left mandible is unchanged, while radioisotope uptake in the sternum and in the sternocostal and sternoclavicular joints is increased, compared with the images of the first visit.](jir-5-029f6){#f6-jir-5-029}
